First-void urine specimens from 683 men (592 without symptoms) were tested for Chlamydia trachomatis by a polymerase chain reaction (PCR) with KL1 and KL2 plasmid primers and by a Chlamydiazyme enzyme immunoassay (EIA). Thirty-seven specimens were confirmed to be positive by using the EIA blocking reagent and a second set of plasmid primers (Ti and T2). By comparing unconfirmed PCR results (KL1 and KL2 primers only) with the blocked Chlamydiazyme ETA results, the sensitivity and specificity of PCR were 100%o (37 of 37 specimens) and 99.5% (643 of 646 specimens), respectively. Three additional specimens were negative by ETA but positive by PCR and were confirmed to be positive with primers Ti and T2. Two of the three specimens were from men with symptoms. The confirmatory PCR assay performed equally well in detecting positive specimens from symptomatic (31 of 31) and asymptomatic (9 of 9) men. Comparison of confirmatory testing of first-void urine specimens by PCR and EIA showed that PCR was 100o sensitive (40 of 40 specimens) and that the EIA was 92.5% sensitive (37 of 40 specimens) but that the assays were equally specific (100%).
Chlamydia trachomatis infections in men have traditionally been diagnosed by obtaining a sample from the male urethra. Early attempts at culturing C. trachomatis from urine yielded poor results and suggested that there may be inhibitory substances present in urine (31) . Recently, testing of first-void urine (FVU) specimens has been evaluated as a noninvasive alternative to urethral swabbing in symptomatic men. The evaluation demonstrated that testing of urine sediments by direct immunofluorescence (IF) and enzyme immunoassay (ETA) detected C. trachomatis with sensitivities approaching those obtained by culturing urethral specimens (3, 4, 11, 13, 26, 29, 30, 32) .
Comparisons of culture, IF, and EIA have indicated that IF and EIA are generally less sensitive than culture when culture is set as the "gold standard" (4, 5, 17, 22, (28) (29) (30) . Recent studies have shown that when the standard is expanded to include a combination of tests, including culture, blocked ETA, and IF, the sensitivity of culture or EIA was reduced to 80 to 90% (4, 5, 17, 22) . Because of their lack of sensitivity, nucleic acid probe assays have failed to improve our ability to detect C. trachomatis in clinical specimens (14, 16, 21) . Recently, amplification of nucleic acids by the polymerase chain reaction (PCR) has been applied to the diagnosis of C. trachomatis infections (1, 6-10, 20, 23, 24, 27) . In PCR assays, plasmid, major outer membrane protein (MOMP), or rRNA genes have been used as targets for amplification, and PCR assays have been shown to have equal or greater sensitivities than culture and ETA (1, 19, 23, 27 
MATERTALS AND METHODS
Specimens. Urethral swabs and FVU specimens (20 ml; the first part of the stream collected at any time of day) were collected from 91 symptomatic men presenting to a hospitalbased sexually transmitted disease clinic with signs or symptoms of urethritis (discharge, dysuria, pain, or frequency). Urethral swabs and FVU specimens were collected for culture, EIA, and PCR as described previously (4, 29) . Specimens for the isolation of C. trachomatis were collected from symptomatic men only and were transported to the laboratory at 4°C and inoculated within 24 h. Specimens for chlamydial antigen detection by EIA were collected by using the manufacturer's collection kits. FVU specimens were also collected from 592 asymptomatic men presenting to family physicians or a university health clinic for nongenitourinary complaints as part of a prevalence study. Specimens for culture were not collected from the asymptomatic group, because urethral swabs were not indicated and we did not want to inflict any unnecessary pain. FVU specimens were collected as described previously (29) from individuals who gave informed consent under a study protocol approved by a McMaster University ethics review committee. Specimens were centrifuged and then processed by EIA or PCR as described previously (4, 29) .
Culture. C. trachomatis was isolated in McCoy cell cultures by using a 96-well microculture system, iodine staining, and one blind passage as described previously (5 (19, 20) . KL1 and KL2 primers amplified plasmid DNAs from all C. trachomatis serovars, which yielded HindII digestion products of 167 and 74 bp that were resolvable on 5% polyacrylamide gels (19) . FVU specimens (0.1 ml) were centrifuged for 20 min at 12,000 rpm in a microcentrifuge at room temperature, and the pellet was resuspended in 0.1 ml of PCR buffer consisting of 10 mM Tris-HCI (pH 8.3), 50 mM KCl, 2.5 mM MgCl, and 0.01% gelatin supplemented with 200 ±Lg of proteinase K per ml and 1% Tween 20. Specimens were heated at 550C for 1 h; this was followed by heating at 940C for 10 min. A total of 20 pJl of the treated urine sediment was amplified in a 100-RIl reaction containing PCR buffer; 200 jiM (each) dATP, dCTP, dGTP, and dTITP; 2 U of Taq polymerase (AmpliTaq; Cetus); and 1 jiM KL1 and KL2 primers (20) . Enzymatic amplification was performed by using 35 cycles of 1 min at 940C, 1 min at 550C, and 2 min at 720C, as described previously (20) . PCR products were analyzed by restriction endonuclease digestion and agarose gel electrophoresis or by DNA hybridization with a 32P-labeled C. trachomatis plasmid DNA probe (19) . PCR-positive specimens were confirmed by a second confirmatory PCR by using primers Ti and T2; primers Ti and T2 amplify a 517-bp fragment of plasmid DNA (6) . Reactions with primers Ti and T2 were prepared as described above, with the addition of 5 X 10-4 M tetraethylammonium chloride to enhance specificity (12) , and the reactions were amplified for 40 cycles.
PCR control procedures. Several precautions were taken to minimize contamination of specimens by preamplified product (15, 19) . These included the use of (i) separate biosafety containment hoods for preparing specimens, setting up PCRs, and analyzing products; (ii) plugged pipette tips or positive displacement pipettors; (iii) several negative controls interspersed with clinical specimens; (iv) periodic swabbing of work areas to detect amplified DNA; and (v) confirmatory PCR in resolving discordant results, but it was used judiciously.
DNA hybridization. PCR products were analyzed by Southern blotting analysis. Briefly, 10 itl of amplified DNA was electrophoresed in 2% agarose gels, transblotted onto nylon membranes (Zetaprobe; Bio-Rad), and reacted with a 32p-labeled chlamydial plasmid DNA probe as described previously (19) .
RESULTS
Of 91 FVU specimens from symptomatic men, 29 (32%) were positive by both blocked ETA (Chlamydiazyme) and PCR, and specimens from 23 of these individuals were tested by culture and were found to be positive. Two additional FVU specimens were negative by ETA but positive by PCR, and both were from individuals with positive urethral cultures. Of the 60 specimens that were ETA and PCR negative, 54 were cultured and found to be negative. Among the asymptomatic men, 8 of 592 (1.4%) FVU specimens were positive by blocked ETA and PCR. One additional FVU specimen that was ETA negative was positive by PCR. All eight blocked ETA-positive and PCR-positive FVU specimens from the asymptomatic group plus the three discordant results (one asymptomatic, two symptomatic) were confirmed to be PCR positive by using a second plasmid PCR (Ti and T2 primers) and hybridization with a 32P-labeled chlamydial plasmid DNA probe (Fig. 1) .
By combining specimens from symptomatic and asymptomatic men and using the blocked ETA as the gold standard, the sensitivity and specificity of the PCR assay described here were 100% (37 of 37 specimens) and 99.5% (643/646 specimens), respectively. By using an expanded gold standard of blocked ETA and confirmed PCR, PCR was more sensitive (100%; 40 of 40 specimens) than blocked ETA (92.5%; 37 of 40 specimens), and both assays were 100% J. CLIN. MICROBIOL. (Table  2 ). PCR performed equally well with specimens from men with or without signs or symptoms of urethritis (Table 2) .
DISCUSSION
We tested a total of 683 FVU specimens, including 91 from symptomatic men (prevalence 32%) and 592 from asymptomatic men (prevalence 1.4%), and showed that PCR had an overall sensitivity of 100% (40 of 40 specimens) compared with an overall sensitivity of 92.5% (37 of 40 specimens) for EIA. Our PCR-positive specimens were tested in a second PCR by using a different set of primers which confirmed that three EIA-negative specimens were true positives.
Palmer et al. (24) , using a MOMP gene fragment probe, reported that PCR can be used to detect C. trachomatis in urine specimens from symptomatic men. In their report, PCR was compared with Microtrak IF on 63 urethral swab and urine specimens from 37 symptomatic men attending a sexually transmitted disease clinic. Eighteen of 37 (49%) men had C. trachomatis infections diagnosed by Microtrak testing of urethral swabs. Compared with Microtrak, PCR had sensitivity and specificity of 95 and 94%, respectively, for urethral swabs and 82 and 94%, respectively, for urine specimens. In our study, we tested 91 FVU specimens from symptomatic men by PCR and EIA. By using an expanded gold standard of blocked EIA and confirmed PCR, the PCR assay had sensitivity and specificity of 100% in comparison with sensitivity and specificity of 93.5 and 100%, respectively, for EIA. For comparison, in our evaluation of 592 FVU specimens from asymptomatic men, PCR had sensitivity and specificity of 100% in comparison with sensitivity and specificity of 88.9 and 100%, respectively, for EIA. The increased sensitivity of our PCR (100% compared with sensitivity of 82% obtained by Palmer et al. [24] ) could be due to several factors. First, Palmer and colleagues (24) used PCR primers to amplify a conserved region of the MOMP gene; this was followed by a second round of amplification with nested primers. On the other hand, we used a plasmid PCR to amplify DNA from the genetically conserved plasmid which is present in multiple copies (up to 10 copies per bacterium) (25) . Using serial dilutions of purified DNA from serovar L2, we showed (unpublished data) that our plasmid PCR is 10 to 100 times more sensitive than a MOMP PCR similar to that used in the study of Palmer et al. (24) . Second, Palmer et al. (24) used chloroform-phenol to extract DNA. In our hands, the use of DNA extraction has resulted in a decreased sensitivity of PCR, most likely because of the loss of some specimen DNA during extraction (19) . Our specimens were prepared by digestion with proteinase K and Tween 20 followed by heating to 94°C. Third, we used an elevated primer annealing temperature of 55°C which not only increased the specificity of the PCR but also increased its sensitivity by eliminating primer dimer formation. We consistently obtained a sensitivity of 0.1 fg of DNA using only 35 cycles of amplification. Palmer et al. (24) (18) . Other laboratories have also adopted an expanded gold standard and have shown that culture usually has a sensitivity of 80 to 90% (4, 5, 17, 22) . PCR testing in the past has been prone to specificity problems with false-positive results resulting from carryover contamination by previously amplified DNA (15) . In our laboratory, we have used separate areas for specimen processing, PCR set up, and product analysis to minimize carryover contamination and to prevent false-positive results (19) . In the study described here, we improved the specificity of PCR by using a second PCR assay with a different pair of primers to confirm all positive results. Incorporation of the second PCR increased the specificity of the assay from 98.9% obtained previously to 100% obtained in this study. In this study, we used agarose gels and ethidium bromide staining to detect PCR products. In our hands, ethidium bromide did not miss any specimens that were positive by culture or EIA. Southern blotting, although more sensitive than ethidium bromide staining, is therefore not routinely necessary for the assessment of products.
The excellent sensitivity and specificity of PCR for testing FVU specimens should establish it as the method of choice for investigating C. trachomatis infections in men, provided that suitable automated methods become available for detecting specific products. In this study, PCR performed equally well on urine specimens collected from men with or without symptoms. Our results for asymptomatic men should be viewed as preliminary, however, given the small number of Chlamydia-positive men in this study, and larger studies are therefore warranted. Since C. trachomatis is a reportable sexually transmitted disease and has an impact on the work loads of public health units, i.e., contact tracing and counseling, we confirm all PCR-positive specimens with a second PCR test and recommend that all laboratories confirm the results for positive specimens. PCR may prove to be useful in investigating clinical conditions thought to be associated with C. trachomatis in which it has been difficult to detect C. trachomatis in clinical specimens by culture or EIA.
